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Abstract 

Although  a  variety  of  buffer  layers  have  been  routinely  reported,  a  standard 
architecture  commonly  used  for  the  YBajCu;0T_r  (YBCO)  coated 
conductor  is  YBCO/CeOj/YSZ/CeOi/substracc  or 
YBCO/CcO^/YSZ/YsO;! /substrate  where  ccria  is  typically  the  cap  layer, 

CeO:  is  generally  used  as  only  a  seed  (or  cap  layer)  since  cracking  within  the 
film  occurs  in  thicker  CeO?  layers  due  to  the  stress  of  lattice  mismatching. 

Y2O3  has  been  proposed  as  a  seed  and  as  a  cap  layer  but  usually  not  for  both 
in  a  given  architecture,  especially  with  all  layers  deposited  in  situ.  Yttrium 
oxide  III  ms  grown  on  nickel  by  electron  beam  evaporation  processes  were 
found  to  be  dense  and  crack  free  with  good  epitaxy.  In  this  report,  pulsed 
laser  deposition  (PLD)  of  Y:0^  is  given  where  YjOj  serves  as  both  the  seed 
and  cap  layer  in  the  YBCO  architecture.  A  comparison  to  PLD  CcO^  is 
provided.  Deposited  layers  of  the  YBCO  coated  conductor  ate  also  grown 
by  laser  ablation.  Initial  deposition  resulted  in  specimens  on  textured  Ni 
substrates  with  current  densities  of  more  than  I  MA  cm-  at  77  K,  sell- field. 

(Some  figures  in  this  article  are  in  colour  only  in  the  electronic  version) 


3.  Introduction 

In  high  temperature  superconducting  (I  JTS)  wiit  fabrication, 
YBajCujCb-a  (YBCO)  superconductors  arc  generally  incor¬ 
porated  using  coated  conductor  technology.  To  achieve  the 
necessary  hi -axial  alignment,  YBCO  coated  conductors  are 
primarily  made  using  the  ion  beam  assisted  deposition  (IBAD), 
rolling  assisted  bi-axially  textured  substrate  (RABiTS),  or  in¬ 
clined  substrate  deposition  (1SD)  processes  [1-5].  The  RA- 
BiTS  or  textured  substrate  approach  generally  uses  Ni  al¬ 
loys  for  the  substrate  which  tend  to  he  mechanically  robust 
aod  non-magnetk  as  possible,  and  allow  high  grain  align¬ 
ment  [6,  7],  Different  combi  nations  of  buffer  layers  are  em¬ 
ployed  to  transfer  the  cube  texture  in  ihc  metallic  substrate  to 
the  subsequent  YBCO  layer  providing  proper  epitaxial  transfer 

1  Address  fur  comspaiudfifK*:  AFRUPRPG,  KiJs  450,  Fifth  Street 
WPAFB,  OH  45433-7319,  USA. 


while,  ensuring  an  adequate  diffusion  bamer.  Primary  consid¬ 
eration*  for  the  buffering  stack  must  include  proper  matching 
to  the  adjacent  crystalline  lattice  and  thermal  expansion  co¬ 
efficient  as  well  as  being  chemically  compatible  and  easily 
deposited. 

Textured  metallic  substrate  based  YBCO  coated  conduc¬ 
tors  with  Hie  YBCO/CeOn/YSZ/CeG^/Ni-alloy  architecture, 
YSZ  =  Zr08*?fc  Y)Ojh  yttrium  stabilized  zirconium,  have  al¬ 
ready  demonstrated  excellent  performance  with  current  densi¬ 
ties  greater  than  \if*  A  can-2  in  the  ^yperconduciing  layer  [£]. 
With  this  architecture,  the  CeOi  seed  layer  can  effectively  min¬ 
imise  the  formation  of  NLG  during  ihc  initial  deposition  on 
the  substrate  while  3 he  Cc02  cap  layer  provides  good  lattice 
matching  for  the  subsequent  YBCO  Layer.  The  intermediate 
YSZ  layer  serves  as  an  oxygen  and  nickel  diffusion  barrier  '3  he 
CeCb  cap  layer  on  YSZ  also  provides  chemical  compatibility 
by  suppressing  the  growth  of  BaZiO.!  which  may  occur  at  a 
YSZ/ YBCO  interface,  causing  degraded  critical  currents  in  the 
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Table  L  Comparison  of  lattice  parameters  find  thermal  cxpji  nsion 
coefficients  for  ceria  and  ytcri  a. 


Lattice  matching 

B  uft’er 

Fseutki-cubic 

Relative  mismatch 

layer 

lattice  parameter 

YBCG{%)  Ni  (9b}  YSZ(^} 

CcD2 

3,830  [  a/^8] 

0.24  S.Q9  6  14 

YaOs 

3.750  \a/{2  x  2a3H 

-1.69  6.22  4.03 

Thermal  expanBL  nn 

cncffidca  t  (TEC)  m atchi  ng 

Buffer 

Relative  TEG  mismatch 

layer 

TEG  value  (*£-') 

YBCO  (%)  Ni  (%) 

CcOi 

9.5  X  LO-0 

—34  -29 

YiOi 

7.7  x  L 0_Cl 

-30  -43 

YBCO.  Even  so.  Hie  CeO:  and  YBCO  layers  may  sometimes 
interact,  resulting  in  tlie  formation  of  BaCeO*  [9\.  The  reac¬ 
tion  i  s  ftSpocially  relevant  at  temperatures  greater  I  Kan  790  °C 
The  resulting  barium  cerate  is  not  lattice  matched  with  the 
YBCO  and  ihereby  degrades  its  superconducting  properties. 
However,  in  general,  the  CeGL  Layer  has,  been  shown  to 
he  compatible  with  the  growth  of  epitaxial  YB CO  using  most 
YBCO  deposition  techniques.  As  either  the  seed  or  cap  layer, 
i  he  CcOj  layer  must  remain  quite  thin  or  cracks  will  develop 
tn  the  thicker  hints  due  to  mismatching  with  the  adjacent  lat¬ 
tices,  A  University  of  Houslon  Group  uses  a  ~3-8%  Sm  dop¬ 
ing  of  Ce02  tor  thicker  single  buffer  layers  bv  photo-assisted 
MOCVD  [10]. 

The  present  work  explores  an  alternative  approach  by 
using  yttrium  oxide,  Y20},  as  both  a  seed  and  cap  layer 
replacement  for  CeCh.  YjO<  is  more  recently  being  used  as 
the  seed  layer  in  the  YBCO  coated  conductor  architecture,  but 
generally  not  as  the  cap  layer  The  use  of  yttria  allows  less 
sensitivity  to  thickness  by  alleviating  the  potential  cracking 
problems  although  CeO:  is  stilt  preferred  tor  the  cap  laver.  A 
comparison  of  the  lattice  parameters  and  thermal  expansion 
coefficients  is  given  in  table  1 .  From  Lbuse  data,  YSG3  has 
a  better  lattice  match  with  both  Ni  and  YSZ,  indicating  a 
better  choice  than  CeGi  for  tlic  seed  layer.  However,  for  the 
cap  layer,  Ce.O:  has  an  excellent  lattice  match  with  YBCO, 
whereas  yttrium  oxide  has  the  better  lattice  match  with  YSZ, 
Both  are  fairly  comparable  and  compatible,  though  Y3DS  on 
the  other  band  has  good  chemical  compatibility  with  YBCO 
and  its  lattice  misfit  with  YBCO  is  not  (hat  great.  These  factors 
indicate  YiOy  may  also  perform  well  as  a  cap  layer, 

The  growth  of  thicker  Y2Ch  buffets  layers  Is  present  in 
the  literature  [El-13].  There  are  success liil  reports  of  the 
deposition  of  thick  biaxial ly  textured  yttria  layers  on  textured 
mckci  by  electron  beam  evaporation  [11],  Ichinose  ei  ai  |  J2| 
have  described  the  process-related  crystalline  alignment  and 
micros  true  turn  of  Y2G3  buffer  layers  deposited  under  various 
deposition  conditions  by  e-beam  evaporation.  Paranthamun 
et  itl  have  deposited  Other  buffer  layers  by  spin tering  on 
top  of  the  yttrium  oxide  followed  by  pulsed  laser  deposition 
of  the  YBCO  layer  which  resulted  in  high  current  densities 
iJc  ^  Li  x  106  A  c-m”2)  [12].  The  prescnl  work  uses  YaQj 
by  pulsed  laser  deposition  (ELD)  in  lieu  of  CeCb  as  both  the 
seed  and  cap  layer.  Limited  experiments  were  also  conducted 
using  Y'VOi.  as  a  single  buffer  layer  over  nickel  to  evaluate 
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its  performance.  All  layers,  including  YSZ  and  YBCO..  are 
deposited  in  the  same  PLD  chamber  tn  sisit. 


PLD  was  used  to  deposit  all  oxide  layers:  CcOj,  YSO4,  YSZ, 
and  YBCO.  A  Neocera  chamber  was  used  in  conjunction  with 
a  Lambda  Physi k  excimcr  laser,  model  LPX  305  i,  operating 
:n  the  KrF  wavelength  of  24$  nm.  '['he  laser  energy  was  set  at 
625  mJ  for  ail  depositions,  With  Losses  associated  with  optics 
and  beam  shaping,  a  final  Laser  energy  of  --2.3  Jem  "2  was 
applied  to  an  on  target  sped  size  of  mm2  The  deposition 
chamber  included  a  multiple  target  rotator  allowing  all  oxide 
depositions  for  the  YBCO  coated  conductor  specimens  to  be 
deposited  in  the  same  chamber  in  situ  On  select  samples 
requiring  contact  lor  eburaeteri nation,  a  Ag  layer  of  —  3  jUm 
was  applied  by  dc  magnetron  sputtering. 

The  background  pressure  of  the  FLD  chamber  was  less 
than  IUT6  Torr,  Textured  nickel  substrates  were  obtained 
from  Oxford  Instruments — the  generally  used  processing 
details  have  been  presented  elsewhere  |34|  The  particular 
substrates  used  in  this  investigation  had  ail  in-plane  alignment 
of  6.7*-7 .2°  FWH M  and  out-of-plane  alignment  of  B. 4*.  The 
Ni  substrates  were  mounted  on  the  chamber's  2‘"  diameter 
substrate  beater.  Prior  to  deposition,  substrates  were  heated 
from  room  temperature  to  750  aC  in  a  1  ISO  mTorr  atmosphere 
of  forming  gas,  Ar  +  5%  H2  gas  mixture,  to  prevent 
oxidation  of  the  nickel  substrate.  Specimens  were  fabricated 
to  different  stages  in  the  YBCO/CcGj/YSZ/CcOa/Ni  and 
YBCO/YjO^/YSZ/Y^Oj/Ni  architecture.  This  allowed  for  a 
study  of  the  texture,  smoothness,  and  microstoiCturc  of  each 
of  l he  deposited:  layers  ami  the  development  of  the  stack. 

The  Y203  (or  CeO?)  seed  layer  was  deposited  in  the 
Ar  -1-  H:  forming  gas  mixture  tor  3  min  at  a  4  Hz.  laser  repetition 
rate,  The  gas  fill  in  the  chamber  was  then  evacuated  and  the 
chamber  lowered  to  the  base  pressure  of  I0-6  Torr.  The  Y2Ojt 
(or  CeCh)  deposition  was  continued  for  an  additional  1 .5  min 
in  these  condition Oxygen  gas  was  then  introduced  into  the 
chamber.  After  stabilizing  the  pressure  at  1.5  mTorr,  the  YSO-, 
{or  Ce02)  layer  was  fuither  deposited  for  2  miri.  Deposition 
times  can  he  increased  or  decreased  lo  change  the  thicknesses 
of  the  layers.  The  temperature  was  tltcn  increased  from  750  (o 
7$G  *C,  and  the  Y'SZ  buffer  layer  was  deposited  for  20  rnin  in 
the  current  oxygen  atmosphere.  For  1  in:  YSZ  deposition,  tlic 
base  laser  energy  was  increased  lo  650  ml  and  the  repetition 
rate  to  10  Hz.  A  cap  layer  of  YiCh  (or  CeCh)  was  deposited 
at  the  original  laser  energy  of  625  mJ  and  repetition  rate  of 
4  Hr.  for  2  rnin  After  deposition  of  the  filial  buffer  layer,  the 
oxygen  pressure  was  subsequently  increased  to  300  mTorr  and 
the  superconducting  YBCO  layer  was  ihen  deposited  on  the 
buffer  layers.  Ii  is  not  suggested  that  these  arc  the  optimal 
conditions  for  PLD  of  the  various  layers,  but  are  the  ones  used 
in  this  investigation  [15],  Pasteoxygenaiion  of  the  hi  ms  was 
conducted  in  situ  by  lowering  the  temperature  to  500  "C  and 
raising  the  oxygen  pmssure  to  700  Torr.  After  0.5  h.  the  heater 
was  shut  off. 

The  as-deposited  ill  ms  were  analysed  by  a  variety  of 
characterizations.  A  Rigaku  x-ray  diffractometer  was  used 
to  perform  Lwo-iheta  scans.  To  study  the  crystalline  alignment 
of  the  substrate,  buffer  Layers  and  superconductor  film,  omega, 
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F1|jore  L  Planar  view  SEM  mtcrographR  far  the  V  B CO ,'C e O -. i1  Y SZJC eCF / N i  architecture  fil  intermediate  siages  when  using  a  dicker  PLD 
CuD;  ±-eed  layer,  (a?  Cracks  jtl  ihc  thinker  CeO:  Reed  layer  are  apparent,  hut  the  grain  tin  .grain  mborie  manors  indicates  excellent  lecture  in 
the  nickel  substrate.  (b)  The  YBCO  layer  displays  Runic  cracks  rm  the  surface  which  probably  emanate  from  lhe  CeO-  layer. 
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Figure  2.  Planar  vi  ew  SEM  micrographs  for  YBCQfY^Oj/YSZ/YiOjfrb  arch  I  Lcclure  at  intermediate  .stages  ,  fa)  The  surface  of  The 

Y:0:,  seed  layer  is  relatively  smooth  and  uniform  overall,  (b)  The  YSZ  buffer  layer  over  I  he  Y:0.;  ssed  layer  is  uniform  hut  rougher 
compared  to  the  initial  Y;0*  layer. 


phi  andpsi  scans  were  collected  using  n  Philips  iMRD  with  four- 
circle  diftractometry.  The  microstnicture  of  the  various  films 
was  evaluated  under  scanning  electron  microscopy  (SEM) 
using  a  Lcica  SEM  microscope  and  field  emission  gun  tor 
the  surface  roughness  and  him  structure  morphology.  A 
Digital  Jnslrumenls  atomic  force  microscope  { AFM)  was 
used  lo  more  fully  characterize  the  roughness  of  the  butler 
iayers.  The  quality  of  YBCO  was  additionally  evaluated  by  ac 
susceptibility  measurements  to  determine  the  critical  transition 
temperatures  (Ji  s).  Electrical  property  characterizations  of  lhe 
samples'  full  width,  5  mm.  were  made  using  a  standard  four- 
probe  technique  with  a  I  ^ V  cm  ” !  criterion  to  determine  the 
critical  Lumen l  (fc)  as  well  as  the  resistive  Tc.  The  thicknesses 
of  the  films  were  determined  by  etching  the  YBCO  at  an  edge 
and  measuring  step  height  using  a  profslometer. 

3.  Results  and  discussion 

Scanning  electron  micrographs  (SEM s')  for  the  YECO/CeCb/ 
YSZ/CeOi/Ni  (using  a  thicker  ceria  seed  layer)  and 


YBCO/Y^Qy/YSZ/YiGii/Ni  architecture  arc  given  in  figures  3 
and  2,  respectively.  Although  thickness  variations  of  layers 
were  performed  in  this  study  as  outlined  in  this  section,  the 
standard  thicknesses  used  Ebr  the  two  architectures  are  a  CeQ2 
seed  layer  of  80  nm,  a  Y-O-;  seed  layer  of  130  inn,  a  YSZ  layer 
of  360  nm,  a  CcG:  cap  layer  of  40  nm,  a  Y20^  cap  layer  el" 
40  nm  and  a  YBCO*  layer  of  300  nm,  Typically.  CcC2  seed 
layers;  nm  thick  do  not  crack  As  the  seed  layer  gets 

thicker  cracking  increases  as  evident  in  figure  Ka)  for  a  1 00  nm 
thick  CeO*  layer.  In  the  figure,  the  low  misorientation  in  Lhe 
nickel  substrate  can  be  gauged  from  the  cracking  pattern  m  the 
CcO:  on  adjaccnl  Ni  grains,  Cracking  is  not  the  case  with  a 
Y2Oj  layer,  figure  2(a),  which  tends  not  to  crack  even  ni  a  few 
hundred  nm  thick,  as  determined  In  this  study  and  elsewhere. 
ITucker  ceria  seed  layers  induced  cracking  although  yitna 
layers  did  noi  crack  even  as  the  thickness  increased.  Some 
cracking  is  evident  in  the  YBCO  layer  per  figure  1  (b)  (left-hand 
side  of  SEMI  which  probably  emanates  from  the  underlying 
cracks  in  die  initial  CeCh  layer.  Figure  2(b)  is  an  SEM  of  the 
YSZ  layer  grown  on  top  of  a  YjOj.  seed  layer.  At  this  point  the 
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Figure  3.  5  EM  micrograph*  of  the  syperconcluctin^  YBCO  layer  it  -differed  iruigniJicaLions  when  using  the  YBCOfYaiVYSZfYiOj/Ni 
architecture. 


Figure  4,  Phi  scans  for  the  YBCCVCfcQi/YSZ/CeCh/Ni  architecture 
ill  in tenttediaiG  Mages .  The  CeO:  seed  Layer  i*  used  und  Lhe  N  i 
substrate  is  of  Lhc  saint:  lot  as  u&ed  for  the  sample  phi  scans  in 
figure  5. 

underlying  Ni  grain  boundaries  are  nor  evident  in  the  SEM  but 
are  probably  imprinted  m  ihc  YSZ  layer  f  L6|  This  is  dear  in 
figure  3  which  displays  different  magnifications  of  the  YECO 
layer  on  the  Y^Oy fY S Z/Y 2 O^./Ni  buffered  tape  architecture 
where  they  are  apparent. 

To  examine  the  epitaxial  growth  of  she  successive 
Layers  and  determine  the  transfer  of  the  underlying  textured 
alignment,,  a  series  of  XRD  scans  was  taken.  X-ray  Lbeia- 
Lwo-theta  scans  on  (he  intermediate  buffer  layers  of  bolLt 
architectures  showed  sharp  (DO/)  peaks  indicating  excellent 
c-axi*  texture  in  buffer  layers  which  was  enrried  over  to  the 
superconducting  YBCO  layer.  Pin  scans  oi'  the  different  oxide 
layers  on  nickel  indicate  excellent  in-plane  alignment  of  the 
various  Layers  although  better  for  die  eeria  architecture  using 
[he  present  deposition  conditions-  Figure  4  gives  the  different 
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Figure  5.  Ph  i  scan  >  for  i he  YBCO/ Y^O  i/Y  Sl£/Y:OyN  i  archi  tcctu  rc 
at  intermediate  stages,  fine  Y-Oq  seed  layer  is  used  in  [tve  phi  scans. 


phi  scans  of  the  YBCO/CcOi/YSZ/CeOj/Ni  architecture  for 
the  given  deposition  conditions.  Figure  5  displays  phi  scans 
of  the  YE CO/Y2G3/YSZ/Y2 Oj/Ni  arc  h  i  tccturc  which  include  s 
the  phi  scan  of  Lhc  Ni  substrate;  this  phi  scan  is  not  duplicated 
in  figure  4  but  is  also  applicable  for  those  figures.  With  a 
starting  Ni  ptii  scan  full  width  al  half  maximum  (FWHM)  of 
6.7*,  the  subsequeni  phi  scans  are  for  the  eeria  architecture 
CeOj  seed  =  GJ*F  YSZ  =  6,7*  and  YBCO  =  7.1".  and  for 
ihe  yllrta  architecture  Y:0,  seed  =  tf.O*,  YSZ  =  ft.y  and 
YBCO  =  LtF.  In  Lhe  present  work,  u  larger  degradation  in 
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Psi  Scan  on  (111)  Peak  g-f  YBCQ  of  RN-3S 


(b) 


30  45  M 

P^i  Angle  (degree 5) 


Psi  Scan  on  (111)  Peak of  YECO  of  RN6E 


Figure  tL  Psi  scan  on  the  (111)  peak  of  the  YECO  layer  of  specimen  few  (a)  the  Y'BCO/CeC^A'SZ/CeOjj'Ni  art:hi  LecLnri;,  and  (b)  lhe 
YBCO/YjO^/YSZ/Y^Ojt/Ni  architecture. 


Figure  7.  Ac  susceptibility  data  indicating  the  onset  7].  for  (a}  the  YBCO^CeO^/YSZfCeCM/N i  architecture,  and  (b)  Ihe 
Y  Hit  'i  >.■' Y:  ( h  ■'YsT'yYiCVNj  architecture.  The  different  curves  result  from  the  different  applied  lields  lifted  in  the  leg-end — the  Held 
increases  from  right  to  left. 


epitaxial  transfer  occurred  for  the  YtQ-,,  layer;  PWRM-S  of 
the  YjOt,  YSZ  and  YBCO  layers  were  increased  >33,  as 
opposed  to  the  FWHMs  of  CcO-  and  rclnled  Layers  which  had 
<ln  variation.  Even  so,  both  Layer  sU'uctures  were  acceptable 
from  this  standpoint.  Psi  scans  of  the  final  YBCO  layer  are 
given  in  figure  6  for  the  different  architectures.  Both  indicate 
acceptable  FWHMs  although  die  architecture  using  the  CeO> 
seed  and  cap  Layer*  is  again  slightly  better  than  Lbc  architecture 
with  Y  /Oi  layers. 

Preliminary  experiments  resulted  in  specimen*  with 
current  densities  of  more  thun  I  MA  cm  ~  at  77  K  in  sclf- 
field  for  bolh  architectures.  The  1-V  plot  of  the  current 
measured  in  a  specimen  using  the  YBCO YSZ/ YjOj/Ni 
architecture  indicated  a  5  tnm  wide  saropte  carried  a  critical 
current  (4)  of  ]  &  A  at  liquid  nitrogen  temperature  which  is 
equivalent  to  n  4  of  1.2  MA  cm”1.  A  5  mm  wide  specimen 
measured  using  CcO?  as  the  seed  and  cap  layer  in  the  coated 
conductor  architecture  carried  an  4  of  15  A  across  it  equivalent 
to  a  4  of  1.0  MA  cm"2.  Ac  susceptibility  data  of  Lhe  same 
samples  measured  for  4  are  given  in  figure  7  in  which 
the  imaginary  Loss  component,  is  plotted  versus  temperature. 
The  data  were  obtained  for  different  applied  magnetic  fields 
as  indicated  in  the  figure.  The  onset  4  obtained  for  lhe 
Y BCO/Y3 Os/YSZ/Y urehi  Lecture  is  slightly  higher 
tlian  Lhai  for  the  YB CO/ Gc O3 /YS Z/C e O 2 /N L  architecture.  The 
spread  of  the  magnetic  field  lines  in  the  ac  susceptibility  daia 
indicate  a  generally  good  film  |17J_  This  pitiferred  value  for 


(he  use  of  the  Y>Gi  seed  and  cap  Layer  is  in  agreement  with 
the  transport  measurements  but  differ*  from  the  XRD  given 
previously.  Even  so,  valuer  arc  fairly  similar  In  each  ease. 

The  SEM  rificmgruph*  of  ihe  supor-conduettng  YBCO 
layer  with  yttna  cap  and  seed  Layers,  given  previously  in 
figure  3,  indicate  the  surface  is  relatively  smooth  with  uniform 
coverage  and  without  too  many  overgrowth*.  An  AFM  image 
of  the  YBCO  layer  using  lhe  YBCO/Y^CK/YSZfY^O^/NL 
architecture  is  given  in  figure  8H  nJ  though  from  another  sample 
grown  under  the  same  conditions  as  the  sample  used  for 
figure  3.  The  outgrowths,  or  particulates  on  (lie  surface,  are 
evident  here  as  the  dark  peaks.  The.  AFM  scan  on  this  sped  me  n 
gives  the  following  RMS  roughness  over  a  50  x  50  ^m 
area:  Rff  =  62.6  run  including  the  outgrowths  and  Rq  = 
36.765  nm  over  the  same  area  if  outgrowths  are  excluded.  This 
can  be  compared  to  the  roughness  of  the  YSZ  layer,  which  is 
Rq  =  35.1  nm,  and  lhe  Y2Qj  seed  layer,  being  /?,v  =  Ek.S  nm. 
The  final  surface  increases  in  roughness  with  the  additional 
layers  ;ind  greater  thickness  as  Is  expected. 

4,  Conclusions 

Yttrium  oxide  was  success  I  n  I  Ly  incorporated  as  both  a  seed  and 
a  cop  layer  in  fabricating  YBCO  coated  conductor  .specimen* 
on  a  textured  nickel  substrate  in  a  single  chamber  using 
pulsed  Laser  deposition,  lis  usefulness  is  comparable  to  five 
Y R C O/CcCfi ft'SZAI-c Ch .TJ i  architecture  where  Cc O:  is  used 
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figure  H.  AFM  showing  the  surface  morphology  and  roughness  of 
I  lie  YBCO  layer.  Xole  Lhe  planar  scale  is  10  ;tm  per  division  and  the 
vertical  scale  Is  500  nm  [3et  division. 


instead.  This  is  rnorc  advantageous  to  pulsed  laser  deposition 
when  a  limited  number  of  targets  can  be  placed  in  the  target 
holder  lor  in  siiti  deposition.  Good  epitaxy  was  observed  in 
all  the  deposited  layers  of  the  YBCO/YiPj/YSZ/YjQj/Ni  as 
well  as  the  YOCO/CeOj/VSZ/CeOi/Ni  arch i Lectures  leading 
to  a  high  onset  TL  (^-90-91  K)  and  self-field  7L  of  more 
than  I  MA  cm“:  on  muhiplc  samples  created  under  similar 
conditions.  '3hc  micj-ostrucime  of  the  yttrium  oxide  and  lhe 
superconducting  YBCO  layers  wen;  dense  and  crack  free  with 
uniform  coverage,  across  the  sample  in  comparison  to  the  CeOj 
and  YBCO  layer.1?  in  the  CeCb  structures. 
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